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1. Abstract
Due to the ever increasing cost of energy production and the dwindling amount of fossil fuels available on
the planet, it is imperative that all members of the building industry discover new, energy-conserving
methods to heat and cool, to provide water and electrical energy for buildings in a sustainable way.1 In view
of the directive by the German government to save energy in buildings (Enev), many private and public
platforms on the internet have been launched to inform the general public on the topic. The quality of these
online sites is, however, dubious.2. Property owners who are already convinced that they need to renovate
their house to an up-to-date, energy-efficient standard find it challenging to decide how and where to start
this task. Upon consulting online literature, they become only more confused and are often confronted by
grossly unrealistic estimations which make them adverse to the idea altogether.3 This paper proposes the
development of a computer-based design tool to establish a basis on which experts will be given a
parametric device which will automatically link bespoke design ideas to any existing buildings in question.
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2. Parametric Design Tool
Refurbishing buildings has become a major issue for the European building industry. If in the past the literal
“renewing” of an existing building was sufficient we have now experienced a major change in requirement
and complexity of almost every step in modern building transformation. The three most important drivers are
- The predominantly poor state of the majority of the built environment of the 1950s, 60s and 70s.
- The demand to optimise most buildings energetically
- The changing requirement triggered by modern social and demographic necessities.4
This paper describes a computer-based design tool. This tool aims to understand and benefit from the
Figure 1: Specification of existing building
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enormous amount of requirements which are linking design decisions in contemporary architectural praxis.
The computer-based design tool
- links building costs with architectural detailing and u-values (for parts of buildings or buildings in total).
- links window sizes to floor plans and is therefore able to provide designers with (e.g.) precise solar studies
- links energy consumption (energy costs) with kind and spec of typical household equipment
- keeps planners during design process informed about approximate building costs and energetic (financial)
gains
2.1 Introduce parameters (gather data)
Making use of a step by step online interface the architectural planner describes the building in question with
as much detail as possible. Main categories are:
- geographical coordinates and physical dimensions
- geometry, number and positions of façade openings
- building materials and parts
- current function of building (including number of users/inhabitants, age group, social set up)
- energy consumption over the past few years
- neighboring buildings or other characteristics.
2.2 How to link parameters (link data)
A big challenge for architectural planners is the growing complexity of almost all design driving parameters.
Nowadays even the smallest building project is linked to a very complex chain of dependencies
(parameters). Separated, none of these parameters is exceptionally complicated; it is only the way most of
these parameters are dependent on each other that makes the whole planning/building extremely complex.
One seemingly insignificant decision might trigger a reaction in a completely different part of the building
process.
It is crucial to know, for example, how the building is being used, what age or social group the user is part of,
how much “gray energy” any building material holds and what kind of funding the local government or the
European Union is contributing under certain conditions.
Figure 2: User interface, number of residents Figure 3: Provisional result
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The computer-based design tool gives architects and planners access to a steadily growing amount of data.
The data is made available by cataloguing it in different categories/parametric themes. It is possible to
simultaneously evaluate different design decisions at the same time.
For example, gains and costs of typical façade reconstructions can be put into the context of functional
necessities. It is therefore possible to understand the difference between a typical pensioner living in an
apartment (e.g. likely to use more energy for heating) compared to a single office worker (e.g. hardly ever at
home during office hours). As a result the different use of a building might logically lead to a different method
of façade reconstruction, including thermal bridges and the prediction of possible condensation on different
kind of wall set-ups. In another, much simpler, example it is possible to use the set-up described above to
simulate the acquisition of a new freezer. Will it have a significant impact of the annual electricity bill?
At present the basic version of the computer-based design tool is with at least 24 parametric design drivers.
The architectural planner will always keep an overview of the amount of energy/money the building is
consuming at present and in any possible future scenario. As the computer-based design tool is linked to the
standard database for building costs (BKI) it will also generate standard building costs for any design step in
real time.
2.3 Using computer technology (make use of data)
The computer-based design tool links design-driving parameters. It analyzes the performance of any building
in question (e.g. energy consumption, annual operating costs). By doing so it is comparing any information
given by the user with a number of databases, including structural, social, energetic, administrative and
financial aspects. In a second step it suggests standard renovation procedures. They range from
architectural, structural changes (e.g. insulation) to functional changes. The renewal of certain parts of the
building will be taken into consideration as well as the state of most of the standard technical equipment (e.g.
heating, cooling, cooking, washing, etc.). Any action the user might take into consideration is automatically
linked to financial and energetic key figures. A third feature allows the user (planner/architect) to interact with
a wide range of existing building-related software. It interchanges its data automatically or on demand.
2.4 Example
As an example the computer-based design tool could make further use of many specific details which were
previously described (see 2.2; how to link parameters). It automatically creates a 3D CAD or BIM model (see
above) and on demand uses this model to explore the potential in a variation of different existing software.
Figure 4: Parametric structure (extract)
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The user would, for example, test-run a potential rearrangement of the building´s façades. What would it look
like to add an extra window on the ground floor of the northern façade? The computer-based design tool
would be provided with location, size and geometry of the potential new window. Having done this it would
automatically visualize the façade in question as a 3D computer model or a series of images.
The architectural planner could also decide to test the potentials of an extra window in a more functional
way. On demand the model would automatically go further to simulate the amount and quality of natural light
being shed into any room of the building.
No matter what the user decides to explore, the software will automatically keep in touch with the original
database. During every operation the user is kept informed about change of building costs, possible
structural difficulties or potential objections from local authorities, fire regulations, or a heritage agency.
Obviously the model could be tested in many more ways. The computer-based design tool will automatically
outline a set of potential basic detailing solutions to choose from. Both 3D and 2D building models (CAD or
BIM) are available for further use. The computer-based design tool will keep track of building costs. It will
provide the ecological footprint of all materials added. It will predict the amount of energy the building will
consume after refurbishment.
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Figure 5: Example of parametric interface
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